A . Experimental groups, WGS-like libraries prepared separately using indexes 1 to 8; empty controls, indexes 33-40 and reagents used but without sample DNA; balancing library controls, samples prepared and indexed with indexes 41-48 independently and pooled with test samples after ssCir formation; all groups, total reads of all the indexes. Reads were presented after applying a Q30>60% filter.
further remove excess adapter oligos after adapter ligation (Fig. 3a Table 2 ). The effect of template switching on index contamination can be further 1 6 8 eliminated by pooling after PCR amplification. Therefore, the rate was reduced by an 1 6 9 additional 7-fold, to 0.0183% (PCR group in Fig. 3a) , if samples were pooled after PCR 1 7 0 amplification. Libraries pooled after DNB formation demonstrated a total contamination 1 7 1 rate less than 0.015% (DNB group in Fig. 3a) . However, pooling after ssCir or DNB 1 7 2 formation would slightly increase labor and cost. Taking all of the above into consideration, we conclude that pooling after PCR amplification is optimal to achieve 1 7 4 low index contamination. Explaining and reducing the observed index mis-assignment
Index contamination can be introduced through experimental handling, PCR errors, sequencing errors, oligo synthesis errors, or arraying/clustering methods. We therefore investigated some of these potential causes of the index mis-assignment 1 7 9 using the triplicate libraries pooled after PCR in Fig.3a . First, each mismatch from index 1 8 0 1 to index 8 was retraced to the corresponding DNB and analyzed for sequencing analytical results suggested that in these rare cases in which the true index was not
detected, a low-quality false index was assigned. We further questioned whether the mis-assigned DNBs (data not shown). This result suggested that signal bleeding caused barcode mis-assignment in DNBs that had non-detectable true index signals. Nevertheless, most of these mis-assignments can be adequately removed by implementing a Q30 filter; the total contamination rate of indexes 1-8 dropped from 0.0188% to 0.0097% and the average sample-to-sample mis-assignment rate dropped 1 9 8 to 0.0001% after applying a Q30>60% filter for these PCR-pooled libraries (Fig. 3c) . Second, we observed in every run that a higher percentage of reads, especially reads mis-assigned to index 7 were perfectly matched and that the quality was high at 2 0 3 the index region (average Q30=85.03% and 82.38%, respectively). However, the 2 0 4 hamming distance between indexes 2 and 7 is 8, and the hamming distance between 2 0 5 indexes 3 and 7 is 9; therefore, the exceptionally highly contaminated EFEMP2/LOX 2 0 6 reads even with the Q30>60% filter were less likely to be caused by random sequencing errors. Indexed oligos in this experiment were ordered using IDT's regular oligo for NGS. It is highly likely that the index 7 oligo contaminated all other oligos during false reads that cannot be differentiated, we excluded data from index 7, which reduced 2 1 2 the total contamination rate from 0.0183% (PCR group in Fig. 3a ) to only 0.0124% ( Fig Table 3 ). The rate is further reduced by 275%, to 0.0045%, after 2 1 4 applying the Q30>60% filter, whereas the percentage of total reads only dropped by 4% 2 1 5 (Fig. 4, Supplementary Table 3 ). This evidence suggested that oligo synthesis 2 1 6 contamination was another major cause of index mis-assignment in this experiment.
4, Supplementary
The average individual index contamination rate is approximately 1-2 reads/million after 2 1 8
removing low-quality reads and oligo contamination (Fig. 3c , data not shown). In addition to the aforementioned WGS-like library preparation method, a PCR-
free workflow is also commonly used in real-world NGS applications such as PCR-free 2b). To determine whether our rare contamination rate is sustained when the PCR-free 2 2 7 library preparation pipeline is used, we evaluated the SeqHPV protocol with six HPV- The 6 positive samples along with 62 negative samples with YH genome (an
Asian male diploid genome) and 4 water controls were individually amplified with unique 1 2 after PCR amplification, and then they were ligated with a unique library index (Table 2a, positive samples without any false positive or false negative calls (Table 2b ). In our
assay, we applied quality controls starting from the targeted PCR step, during which 2 3 9
four water controls were used to reveal potential sample contamination during PCR WGS library above, the individual sample-to-sample contamination rate was contamination rate is as low as 0.0118% without any filtering (Table 2c) . during PCR amplification, as is the case with the BGI lung cancer kit (Fig. 2c) . The 2 associated with an EGFR L858R mutation at 1%, index 3 associated with a KRAS 2 5 5 G12D mutation at 10%, and index 4 associated with an EGFR exon 19 deletion at 50%. NRAS(p.Q61H) is one of the cancer COSMIC sites included in the kit and is used here
as a negative control. The mapping rate and capture rate are both greater than 98%,
and the uniformity is above 90% (data not shown). We employed unique identifiers 2 5 9
(UIDs) to correct and remove PCR and sequencing errors [12, 13] . Before the removal of 2 6 0 duplications using UIDs, index contamination existed at ratios from 0.000% to 0.05% 2 6 1 (mutant reads divided by the sum of mutant reads and reference reads), but all of these 2 6 2
were called "negative" after bioinformatics analysis (Table 3a) . Moreover, most of the 2 6 3 mis-identified reads dropped to 0 after duplication removal, especially for EGFR 2 6 4 mutants ( Table 3b) . A 1% sensitivity for mutation detection was demonstrated in this 2 6 5 study. Taken together, the BGI lung cancer kit verifies that single indexing on DNB
sequencing platforms is not susceptible to read mis-assignment and that it can be used Table 3 . Contamination rate of PCR-introduced adapter library preparation method using MGI lung cancer kit.
a. Contamination rate before removing duplication. b. Contamination rate after removing duplication. PCR was performed using 1x KAPA HIFI Hotstart ReadyMix (KAPA) and PCR primers products was used to form single strand circles (ssCir), 10 ng of which was used to 3 5 2 prepare DNBs using the SOPs for BGISEQ-500(8). We also pooled indexed samples at 
